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1, 


Introduction 


Since I have built a detector using the 
new and interesting Logarithmic Detec- 
tor ICs from Analog Devices (AD8307 
and AD8313 [1]) I realised that the same 
detector could be used directly in a noise 
figure meter. This is because subtracting 
the logarithms of signals is the same as 
dividing them by each other. 


I believe that there are at least two 
shortcomings of this instrument, as de- 
scribed, but it works so well that I do not 
think it matters too much. 


The detector does not treat the noise 
signals as True RMS , but as Averages, 
introducing a small error. 


The detector does not have a zero output 
for a zero input signal. A small offset 
error is introduced, but it can be trimmed. 


2. 


Construction 


The Logarithmic Detector IC (AD8307) 
and a dual OP amplifier (LT1630) for 
offset and scaling of the signal and a 5V 
regulator are assembled as per the sche- 


matic diagram in Fig 1. These detectors 
run on 5V (LM78L05) but the rest of the 
circuit is a +12 or +15V design. It is 
probably not necessary to point out to the 
VHF Communications readers that the 
two | nF capacitors and the 10Q resistors 
are to be close to their pins on the 
package of the AD8307 (or AD8313). 
The LT1630 is a very good dual OP- 
amp, bipolar, “rail to rail” on both inputs 
and output. I prefer the LM78L05 regula- 
tor because it, as well as the OP, can 
handle 32 volt, so make the capacitor on 
the input a 35V one if you want to use 
this detector as the “General Purpose”, 
free standing and very useful instrument 
it is. It is my design, and it is trade- 
marked, registered with the U.S. Patent 
Office, as LogProbe so should you feel 
like entering a commercial arrangement 
using this, please let me know! I am 
agreeable! 


With the values shown (24k and 56k) the 
output will be very close to 10 dB/Volt. 
The 10k/1k1 sets the output DC level, 
and the “bottom” of this ladder may be a 
2 - 5k trimpot. The 47Q on the output is 
to avoid capacitive loading of the OP. It 
is a pretty fast one, the LT1632 is even 
faster, and it can handle some capaci- 
tance, but this way there will be no 
problems. Besides, it may survive long 
short circuits of the output. 


A noise source is constructed. This is 
done best using a noise diode from the 
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Fig 1 : Schematic diagram of logarithmic detector. 


people who know how to make them [2] 
but I seem to have had good luck with a 
UHF transistor. Using the B-E junction 
in reverse forms a Zener diode at about 
6v. Just as it turns on; it has a very nice 
noise! Measure up “your” diode and be 
aware of that the noise level can change 
dramatically with just a few tenths of a 
volt supply variation! Maybe a constant 
current (in the 10uA region) is the way 
to drive them, I have not ventured into 
this area. I tune the trimpot for max 
smoke. Although regular Zener diodes 
(above some 5-6V) seem to give plenty 
of noise of varying intensities, but they 
fall flat above HF bands, some 30MHz, 
probably due to high internal capaci- 
tances. After all, they are designed to 
keep a voltage stable and to handle as 
much current as possible. 


The schematic diagram of the noise 
source is shown in Fig 2. It can, or 
should, be enhanced regarding Al output 
rise and fall times as well as limiting the 
voltage swing on the noise diode to a 
minimum. One may also contemplate 
stabilizing of the “On-voltage” since it 
can be pretty sensitive. The switches on 
the meters switch in different ranges of 
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sensitivity. The signals from a radio 
receiver may be much stronger than from 
a 10dB LNA. 


Using the “Alt. In” (MAX4527 pin 7 
instead of pin 6) will switch which 
capacitor stores the S and which stores 
the (S+N), reversing the M2 reading. If 
M2 is offset (for example by means of 
making the Reference input of the A3 
negative) to zero, the NF reading would 
go “the right way”, showing 0 for 0 dB 
and more for larger NF values. The 
non-inverting input of A2 would then 
have to be connected to the other of the 
two electrolytic capacitors. 


The output of the noise source is passed 
through a 20dB attenuator [3], of the 
surface mount “wind mill” type, this 
ensures a very good S11 on the source. 
Theoretically < 40dB return loss, but in 
reality depending on how accurate to 
50Q the attenuator is, probably better 
than a RL of 36 dB. 


In the design of the chopped noise 
source, it is a good idea (that I have not 
yet achieved) to see to that the DC on the 
output does not vary more than neces- 
sary. In other words: do not put the 
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Fig 2 : Schematic diagram of the noise source. 


whole 0-6v on/off waveform on the 
attenuator! The noise may be totally off 
at 5.7V and on at 5.9V! Measure this and 
do not apply (or turn off) more DC than 
you need for to turn the source on and 
off. It may also be a good idea to use the 
Al amplifier for this, even if the pin 3 on 
the 555 has plenty of signal. The extra 
amplifier is there anyway. A voltage 
divider with a permanent voltage, to 
which is added or subtracted a little by 
the square wave, should be easy to make 
using the Al. One can add R and C to 
slew the output ramps a little, whereas 
the 555 has a very fast transient turn-on 
and turn-off. When you measure a re- 
ceiver you do not want any spikes like 
these on the antenna input. It may well be 
good to make a 10us rise and fall time on 
the DC that is pulsing the noise source. 
That is a very small part of a period of 
16Hz anyway. In combination with the 
DC variation being kept to a minimum, 
this works very well on receivers. On an 


LNA for UHF it would not matter either 
way. 


A simple oscillator that turns the noise 
source on and off (slowly, <100Hz) is 
constructed. Although I am not a big fan 
of the “555”, a circuit that may create as 
many problems as it solves, here is a 
good place for it. The newer “CMOS-55 
5” ought to work as well. As will any 
other square wave generator. The version 
I built here has the duty cycle (D.C.) 
adjustable widely around 50%, but this is 
probably not necessary. Anything from 
20 - 80% is likely to work. 


3. 


Function 


A logarithmic detector converts AC (or 
DC) input signals to a DC signal that is 
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+o 
proportional to the logarithm of the input 
signal level. For AD8307 this is true 
from about 50uV to about 2.2V (differ- 
ential input) over a frequency range to 
nearly 1GHz. A 92dB range with very 
good linearity and temperature compen- 
sation, quite good! The AD8313 has a 
lesser range, some 70dB, but goes to 
2.5GHz. 


With a dual OP amplifier the DC detector 
output, corresponding to the logarithm of 
the signal amplitude, can be shifted and 
scaled as one desires. 


The noise source is turned on and off at a 
relatively slow speed (it happened to be 
16Hz in my version). It is fed to the 
receiver or Low Noise Amplifier under 
test. The Logarithmic Detector is placed 
on the output of the amplifier (or re- 
ceiver). The signal from the detector is 
thus a DC voltage that alternates in 
strength, corresponding to log (S) and 
log (S+N). 


The S/(S+N) is a measure of the sensitiv- 
ity of the device. Since the signals are 
present in their logarithmic form, one can 
perform the division by subtracting them! 


Using an analogue switch, synchronous 
to the 16Hz noise switching, the signals 
are stored in either of two large capaci- 
tors. A resistor in series with he common 
line makes sure the display is nice and 
smooth, letting the capacitor voltage av- 
erage out over a few cycles of switching! 
The signals are subtracted in an Instru- 
mentation Amplifier with a gain of 1. 
The signal from this is the “Noise Figure 
Signal” and it is rather “1 NF” so to 
speak. A reading on this M2 meter will 
be identical to the other meter (the M1 
Gain meter) if a device is perfect, adding 
no noise of its own. Connecting the 
detector directly to the noise source for 
example. The lower the display of the 
M2 NF meter (compared to the value of 
the M1 Gain meter), the larger (worse) 
the NF of the device. 


The output to the M1, the Gain reading, 
is simply the voltage of the applied noise, 
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as amplified by the LNA (or receiver) 
and as detected by the logarithmic detec- 
tor. 


4. 
Applications 


The pulsating Noise Source is connected 


to the input of a LNA (or receiver or any 
other device under test) and the Detecto 
to its output. The LNA is (usually) 
tweaked for best NF and as good a gain 
as possible. To get an idea of “where it 
is”, connect the detector directly to the 
noise source and note the readings. If 
they are not equal, it is most likely 
because the detector has a little output 
even for no input signal. Adjust the 1k1 
in the detector schematic diagram! Con- 
nect again to the LNA! 


To see how much difference a change 
NF reading makes, connect an attenuator 
of 1 or 2dB and see “how much more” 
M2 drops when the NF is worsened by 
the amount of the attenuator. This shows 
the slope of the meter. 


For a sanity test, connect an attenuator to 
the output to see the gain worsened by 
the same amount as the attenuator value. 
If the attenuator is <10dB (or so) the NF 
reading should barely be affected. If the 
attenuator is connected to the input, both 
M1 and M2 should drop by the same 
amount This is a serious test of the 
instrument! 


When connected to a radio one can 
actually “listen” to the audio with the 
logarithmic detector! Be careful if con- 
nected to the loudspeaker output not to 
turn up the volume too much, and be 
careful about pops and clicks that may 
kill the detector. Personally I use a small 
1:1 audio transformer, mounted on a %4 
inch audio plug, with a centre tap on the 
secondary. I connect this tap to ground 
with an electrolytic capacitor because the 
inputs of the Logarithmic Detector like to 
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Fig 3 : Example reading testing a 2m LNA using a BF998 dual gate MOSFET. 


float around at a few volts. The IC works 
from 2 to 5V common mode, but in this 
case there is no reason to steer them to 
any particular DC voltage. A couple of 
crossed diodes (1N4004 or similar) 
across the transformer primary may be a 
very good idea! They can pay for them- 
selves sooner than you think! A tape 
recorder output is safer to use, and 
furthermore independent of the volume 
control setting. 


The receiver has almost certainly AGC, 
which should be disabled for true meas- 
urements, but it may very well work 
anyway, especially on low input levels. 
One can also speed up the chopping rate 
a bit (make it variable!) to 50Hz or so, 
where the AGC is not fast enough to 
make much difference. It is most interest- 
ing to take a look at the Gain and NF of a 
“General Coverage Receiver” to see how 
both vary over any one band and from 
band to band! That wonderful receiver is 
suddenly not so wonderful anymore, 
even though it still works fine! 


5. 


FM receivers 


FM receivers are limited in the IF so no 
matter what strength of the input noise 
signal, the audio (noise) will be the 
same! So, the Logarithmic Detector has 
to be used to pick up either the RF signal 
after the front LNA or the IF after the 
mixer, before the signal reaches the 
limiter. Put a small coil between the 
inputs of the IC and “sniff” around for 
readings on the Gain meter! The detector 
is very sensitive and you can most likely 
find enough signals. Then: just trim the 
LNA for the best Gain/NF combination 
as usual! 


6. 


Example readings 


Fig 3 shows measurment on a 2m LNA. 
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NF Meter 
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Fig 4 : Extrapolation of real NF. 


The readings on the Y axis are arbitrary 
readings of the meters (identical) M1 and 
M2 numbers but the X axis shows the 
actual settings in dB of the attenuator. As 
expected, when the gain reading is inde- 
pendent if the attenuator is placed on the 
input or the output (the upper two 
graphs). For the “l-NF” reading, the 
lower two graphs show the reading drop- 
ping at once with the attenuator on the 
input and at about 10dB when placed on 
the input. This is the ultimate test of an 
instrument like this, and a proof of its 
function. It is likely that the LNA has a 
NF of a dB or two. If so, the noise output 
from the source is ~12db ENR (Exces- 
sive Noise Ratio). This means 12dB 
more than the thermal noise from a 50Q 
resistor. 


In the graph shown in Fig 4, I have tried 
to extrapolate what the real NF may be 
by adding in an attenuator with 1dB steps 
in the input. 
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